Vacuoles were prepared from germinating castor bean endosperm (Ricinus communis var Hale) and purified by filtration through a cotton layer under physiological osmolarity. The purity of vacuoles prepared by this method was comparable with that prepared by a sucrose step gradient centrifugation reported in a previous paper (Nishinura, Beevers 1978 Plant Physiol 62: [44][45][46][47][48] (3, 5, 12, 13, 22) .
The vacuoles of higher plant cells are known to be sites of deposition of salts and metabolites (11) . Recently, methods for isolating vacuoles have been developed, and direct analysis of vacuolar extracts have revealed the dynamic aspects of vacuolar function in cellular metabolism (3, 5, 12, 13, 22) .
We have previously purified vacuoles from germinating castor bean endosperm (13) . The isolated vacuoles contain large amount of storage protein and sucrose which are produced from storage lipid during germination, showing that vacuoles have a storage function. The hydrolysis of the endogenous storage protein was also observed in isolated vacuoles, indicating that they have a lytic function (14) . The optimum pH for the autolysis was 5.0 (14) and the vacuoles were stained with neutral red. These results suggest that the pH is acidic in vacuoles and the environment in vacuoles is quite different from that in cytosol. In 10 min incubation and were subjected to silicone oil centrifugation.
Silicone Oil Centrifugation. The principle of silicone oil centrifugation was described by Klingenberg and Pfaff (4). Samples (60 gil) were quickly layered on a gradient composed of 20 t,l of 40 % w/w sorbitol and 50 ,Al of silicone oil (Dow Coming 704 diffusion pump fluid) in 250 ,ul polyethylene tubes (Beckman 682823). The centrifugation was performed at maximum speed for 10 s using Beckman Microfuge B at room temperature. The polyethylene tubes were directly put into Dry Ice-acetone and frozen. The bottom layer was cut off with a razor blade and placed in a counting vial containing 1 ml of 0.1 % Triton X-100. After the addition of 10 ml of scintillator, the radioactivity was measured by dual-channel counting in a Beckman scintillation counter.
Direct Measurements of pH of Vacuolar Extracts. In this experiment vacuoles were prepared by a sucrose step gradient centrifugation as described in a previous paper (13 (13) . These data indicate that vacuoles were prepared in a highly purified form at physiological osmolarity by this method. Figure 1 A (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) min) and methylamine concentration (0.84 mM) have no effect on the distribution of methylamine (data not shown). Figure 2 shows the intravacuolar pH when the vacuoles were incubated at various external pH levels at 25°C. The intravacuolar pH was lower than the external pH (from pH 6.0 to pH 7.5) and internal pH increased as the pH of the medium was increased. The intravacuolar pH is calculated to be 5.8 when the pH of the medium is 6.0. Reijngoud and Tager (16, 17) have obtainedsimilar results from the study on the intralysosomal pH.
They have shown that the intralysosomal pH increased as the pH of the medium was increased, thus the lysosomal membrane is relatively permeable to protons. The same properties have been shown recently using the vacuo-lysosomes of Hevea brasiliensis (rubber tree) (10) . Therefore, apparently tonoplasts of castor bean endosperm have similar properties. Direct pH measurements of the diluted and the sonicated vacuoles showed that the intravacuolar pH is 5.7 to 5.9. The results coincide with the data obtained by methylamine method given in Figure 2 .
The question arises as to the mechanism(s) which maintain the low pH in the vacuoles in vivo. One possible explanation is that the low pH is resulted from the retention of nondiffusible anions within the vacuoles and the setting up of a Donnan equilibrium. Inasmuch as since the vacuoles come from protein bodies in germinating castor bean endosperm (14, 21) , they contain phytin or polyphosphate as a polyanion. The other possibility is an ATPdependent proton pump to maintain a low intravacuolar pH. In fact the existence of ATPase in tonoplasts has been reported in Amaryllis (6), red beet (23) , and rubber tree (2) . ATP-dependent acidification was demonstrated in lysosomes of rat liver (20) and in vacuo-lysosomes of Hevea brasiliensis (10) . Further studies such as the effect of ATP and various ionophores on the vacuolar pH may lead us to clarify the mechanism(s).
